ABSTRACT -The objective of this study was to evaluate the correlated responses to selection for growth in feed efficiency and carcass traits of Nellore animals. A total of 121 animals of the Nellore control (NeC) and selection herds were subjected to performance testing and classified regarding residual feed intake (RFI). Sixty-seven of these animals were selected and finished until reaching 4 mm of subcutaneous fat thickness between the 12th and 13th ribs. The animals were slaughtered at a mean age of 541 days and mean live weight of 423 kg for NeS and of 363 kg for NeC, and carcass traits were measured. Animals in NeS presented higher initial and slaughter weights, dry matter intake, hot and cold carcass weight, weight of retail cuts, and carcass yield than NeC animals for the same slaughter age and feedlot time. No significant differences in RFI were observed between herds, showing that the weight gain from selection for growth did not cause changes in the energy efficiency of the animals.
Introduction
The beef cattle production system is constantly changing to meet the requirements of sustainable agriculture and consumer demands for meat quality. In this respect, various segments of the beef cattle industry are concentrating their efforts to improve product quality, to increase productivity, and to multiply profits. Considering the production system as a whole, once health and nutritional requirements are met, productivity basically depends on the genetic merit of the herd (Owens et al., 1995) .
The main objective of the breeding program implemented at Centro APTA Bovinos de Corte is to increase the growth rates of Zebu (Nellore, Guzerat and Gyr) and taurine (Caracu) breeds by selection for postweaning weight. Several studies have investigated the genetic progress of growth traits in selected herds (Packer et al., 1986; Razook et al., 1988 Razook et al., , 1993 Razook et al., , 1998 Cyrillo et al., 2000) . However, although direct responses in growth traits (weight, weight gain, carcass traits and others) have been analyzed since the beginning of the program, it has become important to monitor correlated changes in feed efficiency and carcass traits in the selected herds. Razook et al. (2001) showed that selection for postweaning weight resulted in higher slaughter and carcass weights without altering the yield or quality of the meat produced. Similar findings have been reported by Nardon (1998) , who studied carcass traits in animals slaughtered at different weights, by Resende et al. (2000 Resende et al. ( , 2001 , who used different levels of concentrate in the diet, and by Vittori et al. (2006) , who investigated the effect of castration. Furthermore, Bonilha et al. (2008) , using the same genetic groups of Nellore but with a larger data set, observed that selection for weight increased the body size of the animals without altering meat yield, body fat percentage or meat tenderness.
The objective of the present study was to evaluate the correlated responses to selection for postweaning weight in feed efficiency and carcass traits of Nellore cattle.
Material and Methods
The study was carried out in the northern region of the state of São Paulo, located at 21º 10' South latitude and 48° 05' West longitude, classified according to Koppen as Aw, humid tropical climate, with average annual temperature of 24 ºC and average annual rainfall of 1888 mm.
The cattle herd of Centro APTA Bovinos de Corte was formed in 1933 and consists of purebred animals. In 1976, a selection program to increase postweaning weight was started, manipulating the equation of genetic gain within biological limits by selection based on individual performance (Razook et al., 1997) . The genetic change in postweaning weights was then evaluated in relation to the Nellore control (NeC) herd, which is basically subjected to R. Bras. Zootec., v.42, n.2, p. [125] [126] [127] [128] [129] 2013 stabilizing selection once the bulls and dams in this herd are selected according to a zero-reference differential of selection. In contrast, the Nellore selection (NeS) herd is selected based on the highest selection differentials for weight adjusted to 378 days of age.
In the breeding program, the mating batches are formed with the same proportionality in terms of age of the dams, aiming to minimize endogamy. The breeding season lasts 3 months (from November to February) and a bull-to-cow ratio of 1:15 is used. The births occur between August and November. After weaning at 210 days, males undergo a feeding performance test according to the recommendations of Razook et al. (1997) After the end of the feeding performance test, in each year, residual feed intake (RFI), as proposed by Koch et al. (1963) , was calculated as the difference between dry matter intake observed during the test period and the intake predicted by regression equations as a function of mean metabolic body weight and average daily gain. After this step, the animals were divided into classes according to RFI: high RFI (> mean + 0.5 SD; least efficient), medium RFI (±0.5 SD of the mean), and low RFI (< mean -0.5 SD; most efficient).
For the finishing phase, low and high RFI animals were selected in each year, corresponding to 33 animals in the first year (22 NeS and 11 NeC) and 34 in the second year (18 NeS and 16 NeC). Animals classified as medium RFI were excluded from this phase.
The animals then received a diet that contained 89% dry matter (DM), 14.8% crude protein (CP) and consisted of Brachiaria hay, ground corn, cottonseed, citrus pulp, and mineral mix. Since one of the objectives of the study was to calculate nutritional requirements, the animals were randomly assigned to three feeding regimens. In each experiment, eight animals were slaughtered after a period of adaptation to the finishing diet, serving as the reference group. The remaining animals were divided into groups of three based on similar body weight and condition. Within each group of three, two feeding regimens were selected by drawing lots, with two animals fed ad libitum and one animal receiving a diet restricted to 65 g/kg live weight in order to meet maintenance requirements.
Weight was recorded at the beginning of the experiment and at intervals of 14 days after a period of 16 hours of deprivation of solids. Ultrasound measures were obtained for the determination of backfat thickness, with a thickness of 4 mm between the 12th and 13th ribs used as the criterion for slaughter. The images were acquired and saved with a Pie Medical 401347-Aquila apparatus (Esaote Europe B.V.) equipped with a 3.5 MHz linear probe (18 cm). For image acquisition, the transducer was positioned on the left side of the animal perpendicular to the spine between the 12th and 13th ribs using a standoff pad and vegetable oil as conductive medium. The images were processed and fat thickness was measured with the program Echo Image Viewer 1.0 (Pie Medical Equipment B.V., 1996).
The animals were slaughtered at a mean age of 541 days and mean live weight of 423 kg for NeS and of 363 kg for NeC, after fasting from solid foods for approximately 16 hours. After weight recording, the animals were stunned by concussion, followed by suspension and bleeding through an incision in the jugular vein. Blood, head, hide, feet, tail, right and left half carcass, empty and clean viscera and the other internal organs were weighed for the determination of empty body weight.
The carcasses were kept in a cooling chamber at approximately 2 ºC for 24 hours, weighed, and their length and depth were measured. The cooled right half carcasses were cut into forequarter (five ribs), spare ribs, and hindquarter, deboned and divided into the following retail cuts: striploin, tenderloin, rump, knuckle, topside (inside round), flat (outside round), eye round, flank steak, thin skirt, shoulder, neck, chuck, brisket, hump, hind-and foreshank and deboned and trimmed spare ribs. All retail cuts, as well as the trimmed parts and bones of each primary cut, were weighed individually.
Rib eye area and subcutaneous fat thickness were measured at the longissimus dorsi muscle between the 12th and 13th ribs. Hot and cold carcass yield was calculated as the ratio between carcass weight and live weight at slaughter. The proportions between hindquarter, forequarter and back ribs were calculated as the weight of each primary cut divided by cold carcass weight multiplied by 100.
A completely randomized design was adopted. The variables year (experiments I and II) and diet (ad libitum and restricted) and their interactions were tested using the GLM procedure of the software SAS (Statistical Analysis System, version 8). Since the interactions were not significant, they were removed from the model and the data were analyzed together. Means were compared by the t-test, with the level of 5% of probability (P<0.05).
Results
The animals were slaughtered at 405±51.1 kg, at 541±35 days of age, and at 84±30 days in the feedlot (Table 1) . There were large differences in the minimum and maximum values of feedlot time and age at slaughter due to the existence of the slaughter reference group, which was slaughtered immediately after adaptation to the diet. The mean RFI was -0.009±0.337 kg/day (range: -0.640 to +0.950 kg/day), confirming the existence of phenotypic variation in this trait in Nellore animals. The difference in dry matter intake between the most and least efficient animals was 1.59 kg.
In the case of feedlot management in which about 80% of the costs are destined for feeding, the identification of animals that consume less feed without compromising production would result in major cost reductions for the system.
Despite the significant difference in dry matter intake, no significant differences in RFI (P = 0.247) were observed between animals of the control and selection herds.
Animals from NeS presented heavier empty body weight, higher hot and cold carcass weight, higher hot dressing percentage, and greater carcass length and depth than NeC animals (Table 2) , as well as a trend (P = 0.073) towards higher cold dressing percentage. The weights of primary and retail cuts also differed significantly between herds (Table 3) .
Quantitative analysis of non-carcass parts is important, since these components exert a direct influence on carcass yield and weight gain. Internal fat weight (kidney, pelvic and heart) was similar and the weights of liver, kidney, gastrointestinal tract and other organs (sum of the reproductive tract, heart, lungs, trachea, esophagus, and spleen) were higher in NeS than in NeC animals (Table 4) . No significant difference in rib eye area was observed between the selection and control herds (Table 5) . However, when the measure was reported per 100 kg carcass, a higher mean was observed for NeC animals due to the lower carcass weight of these animals.
Discussion
With respect to variables related to body size, there was a wide variation in minimum and maximum values due to the differences between the NeC and NeS herds resulting from the divergent selection for growth applied to these herds for more than 30 years. According to Mercadante et al. (2004) , selection for weight promoted a difference of approximately 60 kg between the Nellore herds raised at Instituto de Zootecnia in Sertãozinho.
According to Dittmar III (2007), RFI takes into account the energy requirements for maintenance and production and is more sensitive to variations in individual energy efficiency of the animals. As a consequence, selection for growth resulted in animals of larger body size and with higher dry matter intake. These animals presented a tendency (P = 0.061) towards higher weight gain rates but similar energy efficiencies. This shows that the selection applied to the Nellore herds of Instituto de Zootecnia over the last 30 years did not cause changes in the energy efficiency of the animals.
Animals from NeS presented a higher slaughter weight than NeC animals and reached the criterion recommended for slaughter (4 mm of subcutaneous fat thickness between the 12th and 13th ribs) at a similar age and during the same feedlot time. This finding shows that selection for growth of these herds resulted in animals that were superior in terms of slaughter weight without compromising physiological maturity. This superiority is in agreement with Razook et al. (1998) , who reported an annual genetic progress of 1.1%. Razook et al. (2002) , studying the same genetic groups finished on pasture, concluded that selection for weight resulted in heavier animals at slaughter, with a consequent superiority in carcass weight without alterations in hot and cold dressing percentage, meat tenderness or cooking losses, but with lower subcutaneous fat thickness in the longissimus muscle. In a meta-analysis of carcass traits in genetic groups selected for growth using a robust data set (490 animals), Bonilha et al. (2008) showed that selection for postweaning weight was truly effective, giving origin to larger animals with superior carcass weight and retail cuts, but did not cause correlated changes in dressing percentage or body fat content.
When analyzing the market conditions of beef meat, it is not economically interesting for the meat processing plant to slaughter animals of the same age and with lower live and carcass weights since profitability of the sector depends on the volume of commercialization of the meat product. However, considering meat quality, Bonilha et al. (2007) observed a lower shear force value (3.17 vs. 4.25 kg) in NeC animals when compared with NeS animals, although the values obtained for the latter were within the reference range indicative of tender meat. In a subsequent study including a much larger data set, the same authors found no significant differences in meat shear force values between the control and selection Nellore herds of Centro APTA Bovinos de Corte, Instituto de Zootecnia (Bonilha et al., 2008) . The significant differences in carcass traits observed between NeS and NeC animals are the result of correlated changes in response to selection for growth. In addition to other factors, heavier carcasses with higher hindquarter yield are commercially more profitable since the most valuable cuts are found in this part of the carcass. No significant difference between the control and selection herds was only observed for the hump forequarter cut. Nardon (1998) and Bonilha et al. (2007) also found no significant differences in hump cut between the NeC and NeS herds of Instituto de Zootecnia.
A high coefficient of variation was obtained for kidney, pelvic and heart fat, demonstrating the existence of wide variation in the values observed (range: 2.8 to 13.8 kg). This fact might explain the lack of a significant difference in this trait between herds. Nardon (1998) also found no significant difference in the percentage or quantity of internal fat between the control and selection herds. Organ weight seems to be intimately related to the size of the animal. In this respect, animals with a higher slaughter weight also present higher weights of other organs such as liver, kidneys and gastrointestinal tract. Morris et al. (1993) , studying Angus cattle selected for growth, found no significant differences in rib eye area between selected and control herds. No significant differences in subcutaneous fat thickness between NeS and NeC animals was observed in this study, as well. Bonilha et al. (2007) also found no significant differences in subcutaneous fat thickness between control and selection herds, but the values reported by those authors were higher than those observed in the present study.
Conclusions
In addition to changes in the growth potential of the animals, giving origin to heavier animals, selection for postweaning weight applied to herds promotes positive correlated responses in carcass traits without causing changes in the energy efficiency of the animals.
